ABSTRACT
INTRODUCTION
Rotaviruses (RV) are agents of acute diarrhea in mammals and birds (Kapikian & Chanock, 1996; Burke & Desselberger, 1996) . Virion genome is formed by eleven segments of double -stranded RNA i nvolved by a concentric triple -layered protein shell (Kapikian & Chanock, 1996) . The outer layer is constituted by VP4 and VP7 proteins being the former associated to hemagglutinin activity (some strains of RV), attachment and virulence (Bridger et al., 1998; Kirkwood et al., 1998) . The latter, a glycoprotein, seems to be involved in cell penetration either by promoting the stability of VP4 or enhancing its activity (Prasad & Estes, 1997) . VP4 is synthesized in free ribosomes while VP7 in ribosomes associated to the endoplasmic reticulum where it is glycosylated. The number of sites and locations of VP7 glycosylation depend upon the strain of RV albeit the glycans are all of high-mannose type (Both et al.,1994; Reading et al., 1998) . The interaction of RV-cell receptors has been studied for the identification of molecules involved and to better understanding of cell binding and penetration processes (Méndez et al., 1996; Ludert et al., 1996; Rolsma et al., 1998) . The identification of viral and cell receptors can be done by several methods (Haywood, 1994) , and among them, lectins are used for monitoring early stages for virus-cell interaction due to their specificity to sugar residues (Murray, 1994) . Concanavalin A (ConA), a lectin from jack bean, binds specifically to mannosyl and glycosyl residues. This lectin has been extensively used for the study of virus attachment to host cells and characterization of glycoproteins involved, mainly concerned to the enveloped viruses (Calafat & Hageman, 1972; Okada & Kim, 1972; Miki, 1980; Conti & Tsiang, 1985; Grail & Norval, 1986; Kopecky et al., 1991; Okamoto et al., 1997) . Svensson (1984) demonstrated that RV express mannosyl residues in VP7. Therefore, we attempted to establish a model for enhancing or inhibiting RV (SA-11) infection in cell culture by Con A. The study was motivated due to the unavailability of datum on this respect; the presence of mannosyl residues on the virus surface protein (VP7); and the possibility of an alternative mechanism of virus binding to the host cell.
MATERIALS AND METHODS
Cell and virus: MA-104 cell cultures (fetal monkey kidney) were cultivated in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 100 UI/ml penicillin, 100µg/ml streptomycin, 2.5µg/ml fungizon and 10% fetal bovine serum (FBS), and in 5% CO 2 ambient when required. Simian rotavirus (SA-11) was always pretreated with 30µg/ml of crystalline trypsin at 37°C for 30 min prior to inoculation. MA-104 cell cultures used for rotavirus growth showing 60% of cytopathic effect (CPE) were submitted to three cycles of freezing/thawing, centrifuged at 2,000xg for 10 min and maintained at -20°C. This virus suspension was used throughout at a multiplicity of infection of approximately 1.
Concanavalin A (ConA): ConA type IV (Sigma, USA) from Canavalia ensiformis was prepared as a stock solution at 100µg/ml in phosphate-buffered saline (PBS) pH 7.3, sterilized by filtration and maintained at -20°C.
Plaque assay titration:
Four hundred microliters of the inoculum diluted to the tenth were seeded in a 24-well tissue culture plate with MA-104 cell culture at 70% confluence. After the attachment, the inoculum excess was removed, cell monolayers washed with PBS and overlaid with melted 0.5% nutrient agarose containing antibiotics, 10µg/ml of crystalline trypsin and 100µg/ml of DEAE-dextran. Agarose nutrient overlay was allowed to solidification, and plates were incubated upside down at 37°C in 5% CO 2 ambient for 5 days. Monolayers were fixed with 10% buffered-formaldehyde for 24 h at room temperature (±25°C) and overlay melted in microwave (75 sec at medium power level). Plaques counting were performed after monolayers staining with 0.5% crystal violet (Fig.1 ).
Fluorescence assay: Cell monolayers grown in coverslips were washed twice with PBS and incubated with ConA-FITC conjugate (ICN, USA) at the concentration of 40µg/ml for 15 min either at 4°C or 37°C After three washings with PBS, monolayers were observed under UV-light microscope (Fig.2) . In parallel ConA-FITC at 36µg/ml was treated with 50mM of D-mannose (Sigma, USA) for 15 min at 37°C before treatment of the cells.
Transmission electron microscopy (TEM): Viral samples collected during the experiments were monitored by conventional negative staining (Fig. 3 ) (Ueda et al., 1998) .
Polyacrylamide gel electrophoresis (PAGE):
Cell monolayers supernatant fluids collected during the experiments were also submitted to PAGE (Fig.4) (Herring et al., 1982) .
ConA toxicity on MA-104 cells: Cell monolayers established in 96-well tissue culture plates were washed with PBS and maintained with ConA at the concentration of 0.5µg/ml, 1.0µg/ml, 2.0µg/ml, 2.5µg/ml, 3.0µg/ml, 3.5µg/ml, 4.0µg/ml, 4.5µg/ml, 5.0µg/ml and 10µg/ml in DMEM for 5 days at 37°C. The experiment was carried out in triplicate and each concentration was tested in 12 wells per plate. Twelve wells per plate were also maintained for control as mock-treated cells. In another series, monolayers were maintained with 2.5µg/ml, 5.0µg/ml and 10µg/ml of ConA for 40 min at 37°C, thoroughly washed with PBS and refed with DMEM, also in triplicate. Mock-treated monolayers were also maintained for control, in triplicate. Monolayers were daily monitored for toxic effect for 5 days.
Virus treatment with ConA: Prior to inoculation, virus suspension was treated with 0.5µg/ml and 2.5µg/ml of ConA for 1 h at 37°C The inoculum excess was removed, monolayers washed with PBS and maintained with fresh DMEM, and daily observed for 5 days. Nontreated virus-infected monolayers as well as noninfected cultures were maintained for control. Treated virus suspension was monitored by TEM. Treatment of cell culture with ConA before the infection: Test tubes established monolayers were treated with 0.5µg/ml, 1.25µg/ml, 2.5µg/ml, 5.0µg/ml and 10µg/ml of ConA for 30 min at 37°C, in triplicate. The lectin excess was removed and monolayers were inoculated with the virus. Following attachment, virus inocula were also removed and cultures refed with fresh DMEM. Monolayers treated and noninfected, monolayers nontreated and infected and monolayers nontreated and noninfected were maintained for control. At time intervals of zero, 8, 24, 48, 72 and 96 h postinfection (pi) monolayers were centrifuged at 2,000xg for 10 min. The supernatant was collected and 1.0 ml of fresh DMEM was added to the monolayers and submitted to three cycles of freezing/thawing. The supernatant fluids of each time interval and the respective monolayer homogenates were pooled separately, and virus titer determined. In parallel CPE was daily monitored and virus yields evaluated by PAGE.
Treatment of cell culture with ConA after the infection:
The experiments were similar to that previously described except that ConA was added at 0.5µg/ml and 2.5µg/ml after virus attachment and maintained throughout, and also carried out in triplicate. Cell monolayers treated and noninfected and monolayer nontreated and infected were maintained for control. At time intervals of zero, 8, 24, 48, 72 and 96 h pi cultures were submitted to three cycles of freezing/thawing. The virus titers were determined in the pooled monolayer homogenates harvested at indicated intervals.
RESULTS
ConA maintained in MA-104 cell cultures for 5 days, at the concentrations of 0.5µg/ml to 2.5µg/ml, did not demonstrate any change in the cells that could be c onsidered toxic effect. However, from 3.0µg/ml to 10µg/ml cell clumping was observed with increasing intensity at higher concentrations of the lectin. Similarly, no effect was observed during 5 days, when cells were treated for 40 min only at 2.5µg/ml, 5.0µg/ml and 10µg/ml of ConA, following the removal of the lectin. When virus suspension was pretreated with ConA at 2.5µg/ml no change was observed either in the intensity or progression of CPE in comparison to infected and nontreated cultures. Cell monolayers treated with ConA at the concentrations 0.5µg/ml to 10µg/ml before virus inoculation did not affect much the kinetics of virus growth in comparison to nontreated cells. It was observed that at 0.5µg/ml to 2.5µg/ml of the lectin no difference was found in the total virus titer. Similarly, cell-associated virus titer and that of the supernatant fluid did not demonstrate any difference in comparison to nontreated cells (Figs. 5 to 7) . At the concentration of 5.0µg/ml and 10µg/ml however, a decrease of 1 to 2 log was (Figs. 8  and 10 ). When ConA was added to virus-infected cultures at the concentration of 0.5µg/ml and 2.5µg/ml soon after attachment and maintained throughout, the kinetics of virus growth was not altered (Figs. 9 and 11 ). Although no difference was detected in virus titer, at the concentration of 2.5µg/ml, the development of CPE was delayed in relation to nontreated cultures. Twenty-four h pi approximately 5% of treated cells presented CPE, similarly to that of nontreated control cells. Fortyeight h pi both treated and nontreated infected cultures showed that 10-20% of the cells were affected. From 72 h to 96 h pi monolayers kept with ConA maintained CPE similarly to that observed at 48 h pi in that 10-20% of the cells presented CPE. However, cultures in the absence of lectin showed CPE in 60% at the same time interval. At time interval from 96 h to 144 h pi 70-90% of the nontreated cells showed CPE but only 20% in treated cultures.
DISCUSSION
The interaction of lectins on virus replication has been studied in particular with the enveloped viruses due to the involvement of surface structures of both viral and cell origin integrated in biological membranes. The affinity among these structures represents the recognition for specific cell receptors for virus binding and triggering the infectious process. Any mechanism that interferes with the recognition may signify an important role in virus infectivity as well as for the understanding of virus penetration into susceptible host cell. Presumably the affinity and reactivity among cellular and virus receptors are intensively mediated by glycoprotein and glycolipids with major role of the carbohydrate residues. Therefore, the highly specific interaction of lectins with sugars would point out for the possibility of positive or negative modulation of virus binding to host cells. As previously described, lectins have been used as valuable tool for monitoring virus (Becht et al, 1972; Okada & Kim, 1972; Ito & Barron, 1974; Poste et al., 1974; Cartwright, 1977; Takehara, 1979; Khélifa & Menezes, 1982; Conti & Tsiang, 1985; Okamoto et al., 1997) . On the other hand, a few data are available concerning the effect of ConA on the replication of nonenveloped viruses (Okada & Kim, 1972; Ito & Barron, 1974; Lonberg-Holm, 1975 Kopecky et al., 1991; Okamoto et al., 1997) . Presently, we demonstrated the binding of labeled ConA to MA-104 cells at the concentration of 40µg/ml. At the incubation temperature of 4°C labeling was more intense at the cell surface and at 37°C it was also observed in the cytoplasm suggesting active internalization of part of the lectin previously bound to cell surface. Sialylated compounds at the cell surface have been pointed out as critical for the binding of several viruses including RV. In fact, the presence of these compounds was shown to be essential for binding and hemagglutin activity for RV (SA-11 and bovine strain), however, it was not true for Wa, KUN and MO strains of human RV (Fukudome et al., 1989) . Similarly, Méndez et al. (1993) demonstrated that sialic acid was not necessary for the infectivity of certain mutant strains of RV in MA-104 cells. Binding of RV in a mixture of nonsialylated glycolipids from bovine brain and mouse intestine was demonstrated suggesting thatattachment and penetration of the virus dependupon different cellular components, and that the former takes place in two stages, dependent and independent of sialylated compounds at cell surface (Willoughby et al., 1990; Srnka et al., 1992; Méndez et al., 1993; Ludert et al., 1996; Isa et al., 1997; Rolsma et al., 1998) . The demonstration that VP4 and VP7, respectively present sites for recognition of α2β1 and α4β1, thought to be RV receptors, suggested alternative way for virus penetration; however sugar residues were not considered (Coulson et al., 1997; Hewish et al., 2000) . Wheat agglutinin and ConA were previously shown to inhibit several viruses for binding to true receptors or to inhibit progeny maturation and liberation (Ziegler & Pozos, 1981; Okada & Kim, 1972; Poste et al., 1974; Lonberg-Holm 1975; Cartwright, 1977; Khélifa & Menezes, 1982; Conti & Tsiang, 1985) . When we treated the cells with ConA before virus infection, we thought of the possibility of the lectin to bind to cell receptors and enhance binding and penetration of RV by the interaction with VP7. On the other hand, ConA could also mask cell receptors for VP7 inhibiting virus binding. The kinetics of cell-associated and supernatant fluid virus growth of cell monolayers previously treated with ConA did not demonstrate differences at 0.5µg/ml and 2.5µg/ml in comparison to nontreated cells. At the concentrations of 5.0µg/ml to 10µg/ml, however a decrease of 1 and 2 log in cell-associated virus titer was demonstrated at the interval of 24 -72 h pi. No difference was detected in the development of CPE in ConA-treated cells in comparison to nontreated cultures. These results suggest that ConA did not interfere with binding and/or penetration of the virus. It may be due to the low concentration of ConA used in comparison to experiments previously described where concentration of lectin used varied from 12.5µg/ml to 1000µg/ml. At physiological pH ConA is found as tetramer and capable to form crossed links at cell surface (Gunther et al., 1973; Reeke et al., 1975) . We, therefore, justify the use of low concentration of the lectin in order not to block physically cell receptors by the excess of ConA but rather allow the interaction in a stechiometric ratio. In these conditions, however, it could be possible that ConA did not allow additional sites for virus binding more than those already present at the cell surface. Nevertheless, the decrease in cell-associated virus titer may suggest a temporal interference with virus morphogenesis, eventually with glycosylation sites of viral protein critical for virus assembly. In a second series of our experiment, ConA was added after virus infection and maintained throughout. Due to the toxicity of the lectin, we used the concentration of 0.5µg/ml and 2.5µg/ml. However we could not detect any alteration in viral infectivity. RV (SA11) and bovine strain present, respectively one and two or three sites of glycosylation at VP7. It was shown that bovine colectins with specificity to m annose neutralize the infectivity of RV (SA11) at higher concentration than those necessary for neutralization of bovine strain, and that neutralization was due to the aggregation of virus particles (Reading et al., 1998) . In our experiment we expected that ConA could interfere with second generation of progeny, however, possibly due to low concentrations of ConA, this effect was not demonstrated. The observation of the inhibitory effect of ConA on the replication of several viruses, as previously cited, used much higher concentration of the lectin (Becht et al, 1972; Poste et al., 1974; Lonberg-Holm 1975; Cartwright, 1977; Khélifa & Menezes, 1982; Conti & Tsiang, 1985; Grail & Norval, 1986) . Ito & Barron (1974) pretreated nonenveloped virus with ConA at 100µg/ml and observed that it did not alter echovirus and adenovirus replication. Ruggeri & Greenberg (1991) demonstrated that neutralization of RV infectivity occurred only when most of virus receptors was blocked. It is possible that in our experiment RV was not inhibited because higher concentration of the lectin would be required. Although we were unable to demonstrate the interference of ConA in the replication of RV, it was observed that the presence of the lectin throughout the experiment caused a delay in the development of CPE. We suggested that internalized ConA may have interfered with virus proteins responsible for the toxic effect in the host cells. It was demonstrated that NSP4, a nonstructural viral protein with two sites of glycosylation rich in mannose, increases intracellular calcium concentration and this has been associated with CPE development (Tian et al., 1994; Ball et al., 1996; Estes et al., 1996; Ruiz et al., 1996; Tian et al., 1996; Dong et al., 1997; Newton, 1997) . In conclusion, our results demonstrated that ConA neither inhibited consistently RV (SA11) replication nor enhanced the infectivity. However, we showed that it inhibited virus citotoxicity suggesting interference on the stage of newly synthesized virus proteins. 
RESUMO
A infecciosidade do rotavírus cepa SA-11 f oi estudada em cultura de células MA-104 em presença de concanavalina A (ConA 
